We also recommend that the heliostat neighbors be given true -: guidance rather than assumed to be parallel, and that the resulting non-! L identical quadrilateral images be processed as in HELlOS by ignoring overlapping events which we find to be extremely rare in optimized fields. 
Test Philosophy for Events

5.
Input Requirements and Geometry of Split-Rectangular Heliostat The fraction of effectiveness can be defined in several ways using parallel or stereographic projections of the neighboring heliostats.
It is reasonable to define the fraction of effectiveness for a heliostat, relative to a particular point P on the surface of the receiver, as the ratio o1' the flux density due to the given heliostat with and without. its neighbors .
Consequently, F e (P) = fdwS(a)/JdwS(a} 1 A e (P) A H where dw S(a) is the flux density due to direct beam insolation received fr-om a cone of solid angle dw oriented in a direction a radians from the center of the solar disc. A H is the reflecting region of the heliostat and A e (P) is the effective reflecting region after loses due to shading and blocking by the entire set of neighboring heliostats. A (P) depends on the point P bec..;C�use e the effective region is limited by a stereographic projection of the neighbE::J ring f. heliostats using P as a center. This definition of F e is inconvenient because 
1)
The solar disc is uniform, i. e. S(a) is independant of a;
2) The heliostats are relatively small so that the apparent sol *3r disc can fill the heliostat; and 1
3)
The heliostats are well guided and P is relatively near the center of the receiver.
It is usually desirable to define the effective fraction of the heliostat in a receiver independent way. Assuming a point sun 1 we can write where A H is the area of reflecting surface per heliostat and A e is the use fully reflecting area of the central heliostat in the neighborhood. A e is determined by a parallel projection of all relevant neighbors. This definition of F e is used throughout subsequent discussions. It lacks some precision due to the finite size of the solar disc. However 1 the effect of the solar disc is very slight and can be estimated by redefining F e in terms o f the total use fully reflected power. Let 
The initial boundary vector s0 gives the area A The central receiver system concept assumes that the heliostats are mass produced and are structurally similar. Consequently, each heliostat and its neighbors are expected to have the same size and shape. The similarity of the heliostat profiles vastly simplifies the shading and blocking processor.
Another simplification, which we use depends on the plane of the collector field. We usually assume that the heliostat centers are coplanar, so that the collector field will have a well defined plane, although it may not be a level plane. Given adverse terrain the collector field may become contoured but we will continue to assume that the neighborhoods are approximately planar.
Notice that both the sun and the receiver are expected to be above the plane of the collector field (i. e. planes of the neighborhoods), so that the highest point of a heliostat can not be obscured by a shading or a blocking event.
Consequently, the high point of the heliostat is chosen as a fixed point of the processor and is labelled the first vertex.
The boundary vector concept introduced in section (1) The first two cases will be developed in this report. The third case is an easy extension of the split rectangle geometry to include a third rectangu lar piece of glass in the slot. The case of regular polygons is essentially more complex but not as bad as arbitrary polygons.
Before going into the design of the code, it desirable to consider the variety of its applica t ions. For generality, all heliostat geometry is referred to an orthonormal basis (u,v,w) which is fixed in the frame of the heliostat.
The unit vector w is normal to the plane of the heliostat, hence w depends on the positions of the sun and the receiver. However, u and v also depend on the choice of the heliostat mounting system which plays a role in determining the high point of the heliostat. However, if the heliostat has a sun sensor for guidance purposes, it may be necessary to have a special test in order to determine whether the sensor is exposed to the (reflected) sun at any given time. Current heliostat designs call for computer guidance, so this feature has been omitted. It may be desirable to know the fraction of shading and the fraction of blocking separately, although this featur� is not built into the code at this time. We have an additional output array, giving the serial number of the neighbors which are responsible for the first and second shading and blocking events.
This output is occasionally useful for interpreting results.
) TASK STRUCTURE OF CODE
The following list indicates the purpose of each functional element required for a rectangular heliostat shading and blocking subroutine.
1)
An initial phase to construct a standard initial boundary vector in dimensionless units. Auxiliary constants are set.
2) The high point of the heliostat is located and its index in the standard boundary vector is determined.
The initial boundary vector is loaded, so that its first point is the high point. The initial number of vertices is set.
)
A neighbor heliostat is selected and its displacement from the central heliostat is computed.
5)
The displacement is tested to determine whether the neighbor lies on the reflecting or the shading side of the central heliostat.
6) The neighboring heliostat is given a shading and a blocking projection into the plane of the central heliostat.
The (u, v) coordinates of the central image points are computed.
The remote images are bypassed. (Remote means u6 + v6 is large, See Figure 3 for example of a non-remote event).
8) Each vertex in the current boundary vector is tested to see if it
lies inside of an image heliostat (i.e. inside of a shaded or blocked region). Basic process control variables are set here. See Figure   2 .
)
If no event occurred, the program proceeds to the next image.
10)
Dependent control variables are set and the tail-end of the boundary vector is shifted by the number of vertices which are required to accommodate the event. New points will occur and old points will be lost. A net gain or loss is possible.
11)
The new points are computed and loaded into the appropriate _com ponents of the boundary vector. The current number of vertices is reset.
12)
After all images are processed, the area of the region defined by the boundary vector is cpmputed.
13)
Subroutine returns with the shading and blocking fraction for a single heliostat at a single time.
The over-all structure of the code is shown in Figure 4 . 
and the last inside point sets
If no point is inside, then IGON=O and RETURN occurs. The K=1 point (selected as the highest point of the heliostat) is not tested because it is a fixed point and in RSABS we assume an aft-azimuthal mounting so that K=2 is also fixed.
All other control variables depend on JGON and I GOT. The list of boundary points splits into several parts. See Table 1 . In general, the The following variables are required to construct the updated boundary vector.
INN=IGOT-IGON+1 (number of inner points)
The odd-even rule for NEW is valid for rectangular images. Assuming perfect tracking, the angle between the planes of adjacent heliostats is roughly equal to the azimuthal spacing parameter divided by the slant range to the receiver. For the Barstow pilot plant, this angle ranges from
.035 radians to .148 radians. The worst case error in FM IRX is given by oFM IRX :: ± \ e tani where i is the angle of incidence on the heliostat and e is the angle between adjacent heliostat planes. If e = .148 and tan i = 1.0, then oFMI RX e: 7%, but this will be a rare case. Unfortunately we do not expect these errors to cancel out in a sum over heliostats since all neighbors tilt toward the central heliostat (simulating a parabola).
• Hence, a correct calculation is desirable.
A glance at figure 5, shows that a correct calculation turns the images into parallelograms, so that a more sophisticated approach to the code would be required. 
7)
SUMMARY AND COMPARISON
The RSABS shading and blocking code derives from the following assumptions
1)
The effective fraction is defined by a parallel projection from the center of the solar disc. Umbra and penumbra effects are ignored.
The effective fraction refers to total redirected sunlight.
2)
The heliostat geometry is split-rectangular. There are two boundary vectors. This technique can be reduced to the simple rectangular case or extended to the U and the H shapes.
3)
Any mounting system is allowed but alt-azimuthal is less troublesome because it cannot produce split regions. For other mounting system splits can occur, and the lower region will be thrown away. This occurs very rarely.
)
The effect of guidance errors is negligible, and therefore is ignored in the calculation of FMI RX. 
5)
The effect of independent tracking, with the consequence of noncoplanar· neighbors, is ignored. This approximation gives the dominant error. This error would be insignificant for a commercial size system, but in the smaller Barstow plant it may cause significant errors in the performance of selected heliostats having large incidence angles.
6)
Near the singular point in the collector field, the azimuthal orientation of neighboring heliostats varies greatly as the heliostats slew in azimuth to track the sun. However, in this region the heliostats are horizontal, so no shading or blocking occurs. In all other parts of the collector field, the edges of neighboring helio-
• stats are nearly parallel so our current processor is nearly correct.
7)
RSABS is a faster subroutine than its predecessors, NGON, etc. , in spite of the complexity introduced by the slot.
8)
The effect of the slot variable is shown in Table 3 This data describes a heliostat which is 10 meters square. The surround field has a radius of 120 heliostat widths, the receiver is 12 heliostat width high and located 1/3 diameter from the south boundary.
*At 10° degrees of elevation, more neighbors are required to calculate FMI RX correctly.
The second value is obtained using 24 neighbors instead of 8, as previously. Significant overlap of shading events has been processed at these low sun elevations. The additional neighbors have no effect at the higher elevations in this table.
8) RECOMMENDATIONS
A recent study of shading and blocking using the multievent processor For low sun, an accurate treatment requires the more difficult boolean processor with topological complexities but, fortunately, these cases do not contribute significantly to the optimization problem.
r L Figure 6 shows one of the realistic heliostat geometries.
A partially f filled slot should also be considered. The geometry of this heliostat is modeled separately for imaging, and for shading and blocking. ��.c DATA XCM/ 1., 1 •• 0. ,-1. ,-1. ,-1. ,O. , 1. .2 •• 2. ,2., 1. , �� () . , -1. , -2. , -2. , -2. , -2 . , -2 . , -1 . , <) . , 1 . , 2. , 2. I DATA YCM/0. , 1. , 1. , 1. , 0. , -1 ., -1 ., -1 ., 0. , 1. , 2. , 2. ,
2. , 2. , 2. , 1. ) () . , -1 . , -2 . , -2 . , -2 . , -2 . , -2 . , - 
